The etymological ancestry of the term "animate" goes back to the Indo-European root ane meaning "to breathe," which is also ancestral to the Latin animus , denoting reason, mind, soul, spirit, life, breath, and etc. This corresponds io the notion that life is some kind of "energy," "force," or "essence"-that which leaves the physical body upon death, and lacking which mere material flesh and bone could not live. Thus, throughout historical time, the notion of giving life to some material object involved the act of "breathing" this mystical force mechanical "men" incorporated in early clocks which would swing a hammer to strike the hour on a bell. The word "jack" is derived from "jaccomarchiadus,"
The etymological ancestry of the term "animate" goes back to the Indo-European root ane meaning "to breathe," which is also ancestral to the Latin animus , denoting reason, mind, soul, spirit, life, breath, and etc. This corresponds io the notion that life is some kind of "energy," "force," or "essence"-that which leaves the physical body upon death, and lacking which mere material flesh and bone could not live. Thus, throughout historical time, the notion of giving life to some material object involved the act of "breathing" this mystical force We need to separate the notion of a formal specification of a machine-that is, a specification of the logical structure of the machine-from the notion of a formal specification of a machine's behavior-that is, a specification of the sequence of transitions that the machine will undergo. We have formal systems for the former, but not for the latter. In general, we can neither derive behaviors from specifications nor derive specifications from behaviors.
The moral is: in order to determine the behavior of some machines, there is no recourse but to run them and see how they behave! This has consequences for the methods by which we (or nature) go about generating behavior generators themselves, which we will take up in the section on evolution. Many of these pursuits were reported to the larger scientific community by Martin Gardner in his "Mathematical Games" column in Scientific American. One such system worthy of note is John Conway's cellular automaton game of LIFE. 19, 20 In this system, a cell will turn "on" if exactly three of its eight neighbors are "on" and it will stay "on" so long as either 2 or 3 of its neighbors are "on," otherwise it will turn "off." This CA system has been experimented with extensively. 3, 34 Many of the configurations seem to have a life of their own. Perhaps the single most remarkable structure is known as the glider, a quasi-periodic configuration of period 4 which displaces itself diagonally with respect to the fixed lattice of cells (see Figure 6 ).
FROM MECHANICS TO LOGIC
The glider is one instance of the general class of propagating structures in CA. There are many other works that could be discussed, but we have reached the present day and the current state of the field, which these proceedings as a whole are meant to review. Therefore, we will bring this historical survey to a close with the following summary.
• 
RECURSIVELY GENERATED OBJECTS
In the previous section, we described the distinction between genotype and phenotype, and we introduced their generalizations in the form of GTYPE's and PTYPE's. In this section, we will review a general approach to building GTYPE/ PTYPE systems based on the methodology of recursively generated objects.
A major appeal of this approach is that it arises naturally from the GTYPE/ PTYPE distinction: the local developmental rules-the recursive description itself -constitute the GTYPE, and the developing structure-the recursively generated object or behavior itself-constitutes the PTYPE.
Under the methodology of recursively generated objects, the "object" is a structure that has sub-parts. The rules of the system specify how to modify the most elementary, "atomic" sub-parts, and are usually sensitive to the context in which these atomic sub-parts are embedded. That is, the "neighborhood" of The rules: (the "recursive description" or GTYPE): Craig Reynolds has implemented a simulation of flocking behavior. 35 In this model-which is meant to be a general platform for studying the qualitatively similar phenomena of flocking, herding, and schooling-one has a large collection of autonomous but interacting objects (which Reynolds refers to as "Boids"), inhabiting a common simulated environment.
The modeler can specify the manner in which the individual Boids will respond to local events or conditions. The global behavior of the aggregate of Boids is strictly an emergent phenomenon, none of the rules for the individual Boids depend on global information, and the only updating of the global state is done on the basis of individual Boids responding to local conditions. Each Boid in the aggregate shares the same behavioral "tendencies": 1. to maintain a minimum distance from other objects in the environment, including other Boids, 2. to match velocities with Boids in its neighborhood, and 3. to move toward the perceived center of mass of the Boids in its neighborhood.
These are the only rules governing the behavior of the aggregate.
These rules, then, constitute the generalized genotype (GTYPE) of the Boids system. They say nothing about structure, or growth and development, but they determine the behavior of a set of interacting objects, out of which very natural motion emerges.
With the right settings for the parameters of the system, a collection of Boids released at random positions within a volume will collect into a dynamic flock, which flies around environmental obstacles in a very fluid and natural manner, occasionally breaking up into sub-flocks as the flock flows around both sides of an obstacle. Once broken up into sub-flocks, the sub-flocks reorganize around their own, now distinct and isolated, centers of mass, only to re-merge into a single flock again when both sub-flocks emerge at the far-side of the obstacle and each sub-flock feels anew the "mass" of the other sub-flock (Figure 8 ). 
